To investigate the clinical significance of lucent defects in computed tomography (CT) scans of the cervical carotid artery plaque, we studied 95 patients with recent symptoms of hemispheric ischemia. Using multiple linear regression analysis, we estimated the strength of the association of symptoms with laterality of carotid artery lucent lesions, stenoses, and ulcerations observed in CT scans. Hemispheric symptoms correlated strongly with ipsilateral carotid lucent lesions (partial p<0.025) and with ipsilateral severe (> 75%) carotid stenosis (partial p< 0.025). Carotid artery ulcerations had a weaker association (partial p<0.1), and stenoses of mild and moderate degrees showed none. The overall performance of all three plaque complications was highly significant (p< 0.005). The lucent defect indicates a morphologic change in the carotid plaque that plays an important role in the development of symptoms of hemispheric ischemia. This is in agreement with the notion that the lucent defect is the image of intraplaque hemorrhage and/or necrosis, which are complications central to the development of symptomatic carotid disease. (Stroke 1988;19:723-727) H igh-resolution computed tomography (CT) of the cervical region permits a low-risk evaluation of the carotid vessels and atheromatous plaque formations, including intramural and extramural histopathologic plaque complications.
H igh-resolution computed tomography (CT) of the cervical region permits a low-risk evaluation of the carotid vessels and atheromatous plaque formations, including intramural and extramural histopathologic plaque complications. 112 In contrastenhanced cervical CT images, carotid vessels are located immediately lateral and posterior to the pharyngeal cavity and medial to the sternocleidomastoid muscle ( Figure 1 ). The internal carotid artery is usually found lateral and posterior to the external carotid, although occasional variations occur. In normal individuals, CT images of the vascular wall merge with the image of the contrast-filled lumen and are not observed as a distinct structure. Carotid atheromatous plaques are identified by the irregular, often constricted and commonly calcified contour of the vascular wall, encircling a contrast-filled lumen. Irregularities are more prominent at the carotid bifurcation or in the proximal segment of the internal carotid artery. In CT images of the cervical carotid plaque, it is possible to identify extramural morphologic changes such as stenosis, ulceration, and occlusion, as well as intramural lesions manifested by hyperdense changes indicative of calcification, and lucent, hypodense defects (Figures 2 and 3) . Lucencies indicate an intraplaque histologic change that can be observed only by CT. They are suggestive of arterial subintimal hemorrhage or plaque necrosis, which are both complications that play an important role in the development of cerebral ischemia. Should that be the case, plaque lucencies could serve as markers or predictors of risk of stroke.
To investigate the clinical significance of intramural lucent defects observed in contrast-enhanced CT images of the cervical carotid plaque, we studied patients with symptoms of hemispheric ischemia. The strength of the association of lucencies, luminal stenosis, and plaque ulceration with laterality of symptoms (appropriate or inappropriate) was estimated using a statistical method.
Materials and Methods
We conducted a retrospective review of CT scans of the neck obtained in 95 patients (average age, 61 years; 79 men and 16 women) for the evaluation of symptoms of hemispheric ischemia (transient ischemic attack including amaurosis fugax, and stroke) occurring within the preceding 3 months. The studies were collected during a 2-year period. Approximately 10% of patients were eliminated because of poor-quality films or incomplete studies. Patients with a history of bilateral symptoms occurring within the 3 months preceding the radiologic studies were not included. Transient ischemic attacks were defined as episodes of focal cerebral hemispheric or retinal dysfunction of presumed ischemic origin resolving within 24 hours; syncope, dizziness, and other nonfocal and relatively nonspecific manifestations were excluded. All patients had been investigated in the conventional way with cerebral angiography and CT scan of the head. A GE 9800 scanner (Milwaukee, Wisconsin) and a Picker 1200 SX scanner (Pittsburgh, Pennsylvania) were used to obtain high-resolution images of the cervical region. Dynamic scans were made according to methods published previously. 1 -2 In brief, scans were taken from C2 to C5 vertebral bodies after an intravenous bolus injection of 100-150 ml 60% meglumine iothalamate (Conray 60, Mallinkrodt Inc., St. Louis, Missouri). Overlapping 5-mm-thick CT sections were obtained in rapid sequence in the axial plane at automatic table increments of 2.5-3.5 mm. Scanning time was 9.6 seconds at 160 mA/sec, and interscanning time was between 1 and 2 seconds. The average calculated radiation dose to the skin was 2.3 rad.
The following definitions of CT scan images were adhered to. Lucent lesion (Figures 2 and 3 ): a discrete, well-defined region in the carotid wall that appears darker than (hypodense to) the surrounding parenchyma. Lucencies may be punctate, linear, semilunar, or circumferential. Punctate lucencies measuring s i mm in diameter and marginally hypodense lucencies regardless of their size were not tabulated as lucent defects. Stenosis (Figures 2 and 3 ): a reduction in the cross-sectional diameter of the carotid artery lumen expressed as percent stenosis (residual plaque lumen/ carotid artery diameter x 100). Stenoses were subdivided in three groups: mild, 0-49%; moderate, 50-74%; and severe, 75-99%. There is close correspondence between severity of luminal compromise seen on cervical CT and arteriographic findings. Ulceration: an outpouching of contrast material adjacent to or within the carotid wall. CT has a specificity of 100% and a sensitivity of 79% in the detection of ulcerations.
3 Calcification (Figures 2 and 3 ): a discrete, well-defined region in the carotid wall that appears whiter than (hyperdense to) the surrounding parenchyma and contrast-enhanced lumen.
Lucencies, stenoses, and ulcerations were identified and measured in CT scans obtained with narrow window settings, whereas calcifications were best demonstrated with wide window settings. CT studies were reviewed and reported by neuroradiologists experienced in reading cervical carotid scans. Information relative to CT and clinical findings was fed into a computer program for stepwise multiple linear regression analysis of laterality of symptoms. This method identifies variables in a stepwise manner that have the best mathematical fit with laterality of symptoms.
Results
Discrete lucent defects in the carotid plaque varied in size and shape from a linear to a semilunar or circumferential defect (Figures 2 and 3) . Lucent lesions were commonly associated with calcium deposits and luminal compromise (Figures 2 and 3) . In 95 carotid arteries appropriate to hemispheric symptoms, there were 31 lucent defects, 86 stenoses (mild in 43 arteries, moderate in 22, and severe in 21), and 13 ulcerations ( Figure 4) . In 95 asymptomatic carotid arteries, there were 12 lucent defects, 75 stenoses (mild in 56, moderate in 12, and severe in 7), and 7 ulcerations. The correlation between symptoms and ipsilateral lucent lesions was nominally significant (partial p< 0.025) and equal in strength to that of symptoms and ipsilateral severe carotid artery stenosis (partial p< 0.025). Ulcerations had a weaker association (partial p<0.1), and stenoses of mild and moderate degrees showed none. The partial/* value for lucent defects and severe carotid artery stenosis indicates that these complications added individually predictive value to the development of symptoms. The overall performance of all three plaque complications was highly significant (p<0.005). While positively correlated with each other, the plaque complications studied were not highly correlated, the correlation coefficient being ^0.207.
Discussion
The lucent defect observed in contrast-enhanced CT images of cervical carotid artery plaques manifests a morphologic change within the body of the plaque. In a previous study, 1 we investigated the nature of lucent defects by histologicalh/ studying 15 surgical carotid artery specimens from symptomatic patients whose CT had shown a lucent defect on the side appropriate to the symptoms. In 13 patients, we found hemorrhagic material of varying age in the midst of thickened, lipid-laden plaques. In one specimen there was necrosis of the plaque, and in another there was prominent intimal thickening. We suggested that lucent defects demonstrated by CT in carotid artery walls represent subintimal hemorrhage, focal necrosis, excessive subintimal thickening due to lipid accumulation, or a combination of these abnormalities with hemorrhage predominating. According to the study by Leeson et al, 2 markedly lucent defects most likely manifest intramural hemorrhage, whereas the nature of small, isodense to mildly hypodense focal mural thickening is likely fibrolipid deposition without excluding a component of hemorrhage. It remains to be determined why hemorrhagic debris, thrombus, and plain hemorrhage appear hypodense in CT images of the arterial wall. However, these are consistent with CT images of extracranial carotid dissecting hematoma 4 and of recent occlusion of the carotid lumen, 5 which also appear hypodense in cervical CT scans.
Carotid plaque lucent defects are observed in both symptomatic and asymptomatic arteries. In previous studies, we showed that lucencies of any kind, whether punctate, semilunar, or circumferential, and whether marginally or markedly hypodense, were present in 72% of symptomatic carotid arteries 6 and in 38% of contralateral asymptomatic arteries. 7 With the application of more strict criteria in the present work and with exclusion of lucencies measuring < 1 mm in diameter or lucencies only marginally hypodense to avoid simple fibrolipid plaque lesions, as suggested by Leeson et al, 2 percentages dropped to 32% and 12%, respectively. The stepwise multiple linear regression analysis of the data in this study demonstrated a strong association between lucent defects and the development of appropriate symptoms of hemispheric ischemia (partial p<0.025). This finding is in agreement with the idea that the lucent defect is the image of the intraplaque hemorrhage, a leading complication in the development of symptomatic carotid disease. 8 The lucent defect exhibits a weighted association with appropriate hemispheric symptoms similar to that of severe carotid artery stenosis observed in the same CT scans. In a recent study, Chambers and Norris 9 indicated that severe carotid artery stenosis with a luminal compromise of >75%, measured with ultrasonography, is a powerful predictor of cerebral ischemic events in asymptomatic patients. However, in that study, 14 of 36 patients eventually became symptomatic in the absence of an appropriate severe carotid stenosis. This suggests that factors other than severe stenosis contribute to the development of symptoms, an idea also suggested by our study in which only 23% of patients with symptoms had severe stenosis. Since the lucent defect shows a weighted association with symptoms similar to that of severe carotid artery stenosis, it should therefore be interpreted as a previously ignored intramural factor contributing individually to symptoms, with a weight similar to that of severe stenosis.
In neurologicalry asymptomatic patients, the presence of lucent defects in CT images of the cervical carotid artery suggests a stage in the evolution of the carotid plaque that might be close to that of precipitation of symptoms. Prospective studies using CT scanning of the asymptomatic cervical carotid plaque should determine the value of the lucent defect as a predictor of outcome and a possible marker of risk for transient ischemic attack or stroke development. Thus, it could help identify a subset of asymptomatic patients at higher risk of stroke in whom a surgical modality of treatment, such as carotid endarterectomy, might be preferable. Furthermore, if the lucent defect indicates the presence of a plaque hemorrhage, the prophylacticalry intended, but highly empirical and scientifically unproven, practice of recommending aspirin therapy to asymptomatic individuals with carotid atheromatous lesions is likely contraindicated because aspirin could promote intraplaque hemorrhaging and plaque growth.
CT imaging of the cervical carotid artery is a relatively noninvasive and risk-free method of serially studying the carotid plaque. It might assist in obtaining data about the natural history of carotid artery lesions on which to base treatment options, which are lacking at the present time. 10 Particularly pertinent to clinical decision-making is information about the intramural stage of evolution of the plaque and the presence of factors contributing to the development of symptoms, such as the lucent defect. This information might be attainable only by CT because ultrasonography and other noninvasive methods, while exposing severe stenosis, fail to image lucent defects. In addition, CT scanning of the extracranial carotid arteries can serve as a sophisticated and cost-efficient screening procedure for the selection of patients for conventional cerebral angiography.
